Electron spin resonance (ESR) dosimetry of teeth is used extensively for dose estimation following exposure to radiation. The population inhabiting the northeast region of India is prone to different cancers of the head and neck, and their prevalence is several times the national average. The objective of this study was to determine the role of radiation in the causation of this high cancer incidence by performing ESR spectroscopic measurements of tooth samples collected from the general population living in and around the city of Silchar. Nineteen tooth samples were used, and the age of the patients was 13-60 years. The excess dose, determined by subtraction of the natural background dose from the dose absorbed by the enamel, was found to the extent of 123 ± 43 mGy. However, the individual excess dose was found to be higher in subjects who consumed lime (5/6) than in non-lime-consuming subjects (2/13). It is not entirely clear if radiation is the cause of this excess cancer in this region of India. Therefore there is a need for wider studies including consideration of tobacco consumption as well as a larger number of samples for tooth enamel dosimetry.
INTRODUCTION
The population inhabiting the northeastern part of India ( Fig. 1 ) is prone to different types of cancer. India's first population-based survey of four northeastern states found that 123 per 100,000 males and 103 per 100,000 females were suffering from cancer. In contrast, the prevalence of cancer for the nation as a whole is around 80 cases per 100,000. 2) The high rate of cancer in this region is a matter of concern, and in many cases it cannot be correlated with any specific risk factor. Apart from the high rate of cancer, the pattern of cancer is also strikingly different from the rest of the country. Silchar, the adminisrative capital of Cachar district in the state of Assam, is the economic gateway to the state of Mizoram and part of Manipur. The city of Silchar, with a population of 142,393 (2001) , is of considerable commercial importance and is the second largest in the state of Assam. Silchar is a trade and processing center for tea, rice, and other agricultural products. There is a limited amount of industry, principally papermaking and tea-box manufacturing. There is no known factor in this region that would cause the population to be exposed to radiation.
Of all the cancers in India, head and neck cancer is the leading one in males. The overall prevalence of head and neck cancer in rural India is 26.3%, as opposed to 14.6% in urban areas. 2) The city of Silchar is one of the regions with a high prevalence rate of head and neck squamous cell carcinoma (54.5%). 3) Calcium hydroxide, Ca(OH)2, or slaked lime, is mixed with betel leaf and betel nuts with/without tobacco, and consumed throughout almost the entire south east Asian region. When chewed, this mixture has as a mild stimulant effect, causing a mildly hot sensation in the body and slightly heightened alertness, although the effects vary from person to person. Epidemiological and other data suggest that consumption of betel nuts with/without tobacco and lime or consumption of tobacco alone with lime is the probable cause of the high cancer incidence in this region. 4) However, as a similar habit is also practiced in other parts of India, the increased prevalence of head and neck cancer in the northeastern area is a matter of concern.
Electron spin resonance (ESR) has been used as an investigative tool for the study of radicals formed in solid materials, since the radicals typically produce an unpaired spin on the atom from which an electron is removed or added. 5) Therefore, study of the ESR spectra of radicals produced as a result of radiation damage from ionizing radiation can yield very useful information. ESR dosimetry using teeth is now used extensively in retrospective dosimetry studies, including determination of the absorbed dose in the survivors of the atomic bombings at Hiroshima and Nagasaki. 6, 7) ESR was also used to determine the absorbed dose among the population contaminated with radioactivity following the Chernobyl Accident 8, 9) and in the Techa River area. 10) In the villages around the Semipalatinsk Nuclear Test Site 11, 12) in Kazakhstan, ESR of tooth enamel was employed to monitor the rehabilitation of the affected population. Also, comparative studies 13, 14) among different laboratories have helped to provide a better assessment of dose. Tooth enamel is the most suitable material for retrospective dosimetry because it consists mostly of hydroxyapatite (HA) crystallites [Ca10(PO4) 6(OH)2] (96% by weight). During the enamel mineralization process, carbonate groups substitute for phosphate and/or hydroxyl groups. CO2radicals are formed from carbonate groups under the influence of ionizing radiation. The carbonate radical center is extraordinarily stable with a calculated lifetime at room temperature of 10 7 years. 15) The aim of the present work was to assess the excess dose using the principles of ESR in an uncontaminated area with a prev-alence of high head and neck cancer using the universal calibration coefficient method.
MATERIALS AND METHODS

Sample collection
A questionnaire was submitted to the dentist responsible for tooth extraction, requesting identification of both the buccal and lingual part of each tooth at the time of extraction. This was later corroborated by identification of the lingual and buccal side by a specialist from the dental department at Hiroshima University. Nineteen tooth samples (molars or premolars) were extracted from different individuals suffering from carries or periodontal disease. The following information was collected for each individual: the subjects' full name, age, sex, and permanent address. A history of lime consumption both past and present; a history of possible exposure to ionizing radiation from medical X-ray procedures in the head and neck region, and diagnosis at the time of tooth extraction were also taken into consideration. This kind of information was considered essential for interpretation of the measured data. All the individuals resided in the Silchar region. The age range of the patients was 13-60 years. The tooth samples were segregated into two groups: those from lime-consuming and those from non-limeconsuming individuals (Table 1) . 
Sample preparation
Enamel was separated from dentine using a dental drill. Dentine was removed carefully with addition of cold water in order to prevent the samples from becoming excessively heated, which can induce an additional signal and thereby significantly alter the shape of the original signal. A pinchnose plier (also called a nipper) was used to cut the enamel obtained into grains 0.5-1.0 mm in size. The long shape of this plier helps in both gripping and cutting the enamel into small pieces. To evaluate possible contamination from dental X-ray exposure and also from sunlight, which primarily affects the tooth's buccal surface, each tooth was divided into buccal and lingual parts for subsequent independent enamel isolation and ESR measurement.
Measurement of ESR spectra
ESR measurements were carried out only on molar and premolar tooth samples. This was because for incisors and canines, the mean ESR-estimated dose for the buccal half is, on average, nearly twice that for the lingual side, the difference between the two halves, being attributable to the UV-light induced lingual dose. 7) Such a difference is not evident for molar and premolar teeth. However, our study did not reveal much difference, as seen in Table 2 . ESR measurements were performed using a JES-FA100 X-band spectrometer (JEOL Ltd., Japan). All measurements were performed at room temperature using the following recording parameters: field modulation frequency 100 kHz, modulation amplitude 0.3 mT, microwave power 2 mV, receiver time constant 30 ms, field sweep 10 mT, sweep time 30 s. The optimization criterion was for minimization of the experimental error of dose estimation, defined as the standard deviation of the arithmetic difference between the estimated and the nominal doses for a set of samples irradiated with a known dose. The optimization parameters are not constant and need to be determined for each specific spectrometer. The enamel samples were placed in a JEOL quartz sample tube with an external diameter of 4 mm and an internal diameter of 3 mm. The same sample tube was used for all the measurements. The tube was positioned in the microwave cavity in such a manner that the center of the sample coincided with the center of the cavity. The signal of the 
Calibration samples
Samples of enamel for dose calibration were prepared by pooling five Indian molar tooth samples that were mixed together, and aliquots each of 100 mg mass were made. The aliquots were irradiated at 0 mGy, 100 mGy, 200 mGy, 300 mGy, 500 mGy and 1000 mGy from a collimated 60 Co source at Hiroshima University. During irradiation the samples were placed between two 4 mm PMMA (polymethyl methacrylate) plastic plates to achieve the electron equilibrium condition. The tissue dose rate was approximately 44.6 Gy h -1 at room temperature as measured at the Japanese Association of Radiological Physicists (JARP) chamber at Hiroshima University. 16, 17) 
ESR spectrum processing
A specially developed computer software program 18) was used for extraction of the radiation-induced signal (RIS) from the total ESR spectrum. This program is able to deconvolute the total spectrum of irradiated enamel into the RIS and the background signal (BGS) by applying non-linear least squares fitting of a model spectrum to the experimental one. 11, 12) This program automatically calibrates the ESR signal dose response using a preliminary set of recorded spectra from enamel samples irradiated with different known doses. The absorbed dose in the enamel is estimated automatically using the parameters of the calibration curve. The program is able to create electronic tables with complete information of dose estimates and patient tooth information. This nondestructive method of sample investigation using the universal calibration coefficient is used instead of the dose-additive method, as the sample measurements may be repeated for comparison with the previously obtained results.
RESULTS
The dose for all individuals was determined after optimization of the parameters. The radiation-induced signal (RIS) should consist of two components: the natural background radiation dose that has accumulated during the lifetime of the tooth enamel, and the radiation due to consumption of radionuclides present in lime. The intensity of RIS was converted to the dose absorbed by the enamel, Den, calibrated using 60 Co source gamma rays. The tooth enamel age was determined by subtraction of the average eruption age for a specific tooth type from the age of the individual. For all samples, excess dose (Dex) was calculated using the equation
Dex = Den -TA * Db
(1) Den = Dose calculated by the automatic program in mGy 18) TA = Tooth enamel age in years Db = Background dose, 0.9 mGy y - 1 19,20) According to the calibration curve ( Fig. 2 (A) ) the precision of a single measurement was 72 mGy (72%). After averaging four repeated measurements, the precision of dose determination was expected to be about 32 mGy (32%) (Fig.  2 (B) ). Determined EPR doses for lingual and buccal samples together with information about patients are presented in Tables 1 and 2 . In fact, the determined EPR doses are equivalent to the intensity of the radiation-induced signal converted to dose units according to the calibration. Contribution into these values is given by the doses absorbed in the enamel as well as by artifacts caused by spectral processing. However, for brevity, these shall be referred to by the term "doses". Negative dose values for some samples appeared in the course of automatic spectral processing, due to experi- mental uncertainties. For example, if the absorbed dose in a sample is zero, and it is measured with an uncertainty of 50 mGy, then half of the experimental value will be negative. The calculated excess dose was within the range -245 ± 43 mGy to 123 ± 43 mGy ( Table 2) . A comparison of Fig. 3 with Fig. 4 shows that excess dose was found in seven individuals, of whom five consumed lime or had done so in the past. The trend for age was not statistically significant, at p = 0.05, for either buccal or lingual samples, although that for buccal and lingual samples combined approached p = 0.05 with the higher excess dose found in enamel of younger individuals. Excess dose was found in both lime-consuming as well as non-lime-consuming individuals. As seen in Figs. 3 and 4, there was a tendency for a higher value in the limeconsuming group compared with the non-lime-consuming group. T-test failed to reveal any significant difference between buccal and lingual samples in both the lime-consuming (p = 1.00) and non-lime-consuming (p = 0.36) groups. Therefore, the groups were combined, and this revealed a significant difference, at p = 0.0003. Furthermore, the mean excess dose in the lime group was 39 mGy whereas that in the nonlime group was -98 mGy. There was also a significant difference in excess dose between the lime group and the non-lime group (buccal: p = 0.01; lingual: p = 0.008).
DISCUSSION
Cancer prevalence in India is estimated to be around 2.5 million, with over 800,000 new cases and over 500,000 deaths occurring each year. Prevention should be the key element in any disease control program. This approach offers the greatest public health potential and is the most costeffective long-term method of cancer control. ESR dosimetry is used routinely for determination of individual absorbed dose in individuals who have been exposed to radiation. This study represents the first attempt to use the principal of ESR to detect excess dose in individual who have not been exposed to known radiation.
In this study, we used ESR of tooth enamel to evaluate the extent to which radiation may be a causative factor in the high prevalence of head and neck cancer in northeast India. The excess dose was found to lie within a range of -245 mGy to123 mGy. Higher excess dose was found in limeconsuming individuals of younger age than in non-lime users who were older, but as the variance was 4%, it had no predictive power. Although the ESR signal remains stable and persists till old age, recent studies 21) have shown that odontogenesis continues even after birth, and therefore the interpretation of dose in younger individuals should be interpreted cautiously. Also, younger individuals who have chewed betel with lime from an early age may show a higher dose. Excess dose was found both in lime-consuming as well as in non-lime-consuming individuals. However, when both the buccal and lingual halves were combined, lime-consuming individuals (5/6) were found to have a significantly higher excess dose than non-lime-consuming individuals (2/13). All the individuals in the study group were free of head and neck cancer or any other type of cancer. It is unclear whether the excess dose found in both lime-consuming and nonlime-consuming individuals was due to radiation exposure. A number of individuals in our study group had values below the estimated one. A probable reason is that in India the absorbed dose rate in air attributable to the external exposure rate from terrestrial gamma radiation is within the range 20 -1100 nGy h - 1 22) or (2 × 10 -5 -110 × 10 -5 mG.y h -1 ). Due to wide variation in natural background exposure even within a relatively small region, more efforts will be required to determine the detailed distribution of the population within dose intervals for various components of exposure. Also, uncertainties in the assessment of dose from natural radiation sources can arise from complications of dosimetric methodology. Therefore, a more detailed study is warranted using more samples collected separately from both groups of individuals.
A recent study by Bhattacharjee et al. 23) has revealed that the 235 U, 238 U, and 232 Th content of the lime consumed in northeast India is approximately eight times the average level in the earth's crust, in comparison with other parts of India. Similarly, studies 24) have found a statistically significant dose-response trend for cancer of the upper aero-digestive tract in relation to internal exposure to uranium in nuclear workers occupationally exposed to uranium in Rocketdyne, USA . Apart from the known toxic effects of high concentrations of radionuclides, long-term continuous exposure of the sensitive squamous cells of the oral cavity to radiation would presumably account for the high incidence of head and neck cancer in northeastern India. Therefore, further studies should take into consideration tobacco consumption by the population, and also employ a larger number of tooth enamel samples for dosimetry. Finally it should be noted that the 235 U, 238 U, and 232 Th series emit not only gamma-and X-rays, but also short-range alpha and beta particles. These short-range particles may account for a significant absorbed dose in mucous cells, and this would be an additional issue of research relevance.
